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1 Introduction 
In RAN #60, the Rel-12 Work Item “LTE TDD-FDD Joint Operation including Carrier Aggregation” was approved. The objective of the Work Item is to introduce in Rel-12 LTE TDD-FDD carrier aggregation (CA) and potentially other TDD-FDD joint operation solutions not based on CA, depending on the outcome of the initial study of the Work Item [1]. Accordingly, in the last RAN1 #74, deployment scenarios, network/UE requirements, and potential non-CA solutions to support FDD-TDD joint operation were discussed, and some of the agreements were captured in TR 36.847 [2][3]. 

In this contribution, we discuss potential TDD-FDD CA solutions and their specification impacts, focusing on downlink HARQ timing, which determines the subframe position of uplink HARQ-ACK transmissions in response to downlink (E)PDCCH/PDSCH transmissions. Discussion on uplink HARQ timing can be found in a companion contribution [5].
2 Discussion
As described in the WID [1], the support of LTE TDD-FDD CA should consider using either TDD or FDD in PCell.  The FDD and TDD CA operations specified in Rel-10/11 CA can be extended to include TDD-FDD CA, maintaining the support of basic features such as cross-carrier scheduling and PUCCH transmission on PCell. In the following, the support of TDD-FDD CA is discussed within the context of Rel-10/11 CA and its extension. 

Cross-carrier scheduling was introduced in Rel-10 to support carrier-based ICIC in HetNet deployments. The motivation for carrier-based ICIC is also valid for TDD-FDD CA. Hence, cross-carrier scheduling should be supported also in TDD-FDD CA. 
Proposal 1: Cross-carrier scheduling should be supported for TDD-FDD CA.
Since the PCell uses self-carrier scheduling only and PUCCH transmission occurs on the PCell, the PCell can use the HARQ timing relation of its own cell regardless of its duplex mode. For FDD PCell, the HARQ-ACK transmission in response to PDSCH or PDCCH indicating SPS release in subframe n takes place in subframe n + 4. For TDD PCell, the HARQ-ACK transmission follows the HARQ timelines determined by the UL/DL configuration of the TDD PCell.
Proposal 2: For PCell, the HARQ timing relation that is used when the PCell operates as a single serving cell is used.
2.1 FDD PCell and TDD SCell
In the following, only hetero-duplex combinations of two FDD and TDD carriers such as FDD PCell – TDD SCell, and TDD PCell – FDD SCell are considered for simplicity.  For an SCell in TDD-FDD CA, applicable solutions depend on whether the SCell is FDD or TDD and whether cross-carrier scheduling is used or not. 

First assume that UE is configured with an FDD PCell and a TDD SCell, and not configured with cross-carrier scheduling, i.e., TDD SCell is self-scheduled.  The following two options can be considered.

· Alt. 1) The DL HARQ timing of the TDD SCell for the UE is determined by using the UL/DL configuration of the TDD cell as DL-reference configuration.
· Alt. 2) The DL HARQ timing of the TDD SCell for the UE follows the FDD timing, i.e., the UE transmits HARQ-ACK in subframe n+4 in response to PDSCH received in subframe n on the TDD SCell. 
In Alt. 2 the UE can use the FDD HARQ timing for any TDD SCell with any TDD UL/DL configuration, utilizing the full availability of FDD UL subframes in all subframes. Fig. 1 shows the DL HARQ timing relation of Alt. 1 for a TDD SCell with UL/DL configuration 1 as an example. If Alt 2 is employed, the HARQ-ACK transmission can be done as if the UE is configured with two FDD cells. Hence, the HARQ-ACK transmission methods specified for FDD CA can be re-used. 
In comparison, Alt. 1 has a drawback such that the HARQ-ACK payload is not well distributed over the UL subframes and the maximum number of HARQ-ACK bits to be transmitted per subframe can be very large for DL-dominant TDD configurations, e.g., UL/DL configuration 5.
If UE configured with an FDD PCell and a TDD SCell is further configured with cross-carrier scheduling, i.e., TDD SCell is cross-carrier scheduled by FDD PCell. Since there is always a corresponding FDD subframe, every DL or special subframe of the TDD SCell can be cross-carrier scheduled for PDSCH transmission. Hence, the two options described above in the case of non-cross carrier scheduling can be considered also for cross-carrier scheduling.
Proposal 3: If the UE is configured with an FDD PCell and a TDD SCell, the HARQ-ACK transmission in response to PDSCH reception on TDD SCell follows the FDD HARQ timing, i.e. , the UE transmits HARQ-ACK in subframe n +4 in response to PDSCH reception in subframe n. 
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Figure 1 Downlink HARQ timing for TDD SCell in CA with an FDD PCell and a TDD SCell
2.2 TDD PCell and FDD SCell
Here the UE is assumed to be configured with a TDD PCell and an FDD SCell, and not configured with cross-carrier scheduling, i.e., the FDD SCell is self-carrier scheduled.  The following two options can be considered.
· Alt. 1) The DL HARQ timing of the FDD SCell follows the FDD HARQ timing. Additional HARQ-timing relations are defined for remaining DL subframes that are not mapped by the FDD HARQ-timing.

· Alt. 2) The DL HARQ timing of the FDD SCell is determined by using the UL/DL configuration of the TDD PCell as the DL-reference configuration. Additional HARQ-timing relations are defined for remaining DL subframes that are not mapped by the DL-reference configuration.
In Alt. 1, the FDD HARQ timing is maintained whenever the UL suframe for HARQ-ACK transmission is available in the TDD PCell. However, the UL subframe for HARQ-ACK transmission is not always available in the TDD PCell, with the availability of the UL subframe for a given subframe depending on the UL-DL configuration of the TDD PCell. In order to avoid the loss of DL subframes that can be scheduled in the FDD SCell, additional HARQ-timing relations can be defined for unmapped DL subframes of the FDD SCell, which relate such DL subframes with other available UL subframes in the TDD PCell.
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Figure 2 Downlink HARQ timing for FDD SCell in CA with a TDD PCell and an FDD SCell
In Alt. 2, the DL HARQ timing for the FDD SCell follows the UL-DL mapping defined by the TDD PCell UL-DL configuration. For a DL subframe of the FDD SCell corresponding to a DL or special subframe of the TDD PCell, an additional HARQ timing mapping is defined in order to avoid the loss of DL subframes that can be scheduled. Fig.2 shows an example of the DL HARQ timing relations of Alt. 2 for an FDD SCell as an example.
Although a benefit of one alternative against the other is not clear, Alt. 2 seems preferable in terms of specification effort since Alt. 2 requires less new HARQ timings to be defined than Alt. 1. 

Finally, assume that UE is configured with a TDD PCell and an FDD SCell, and configured with cross-carrier scheduling, i.e., the FDD SCell is cross-carrier scheduled by the TDD PCell. 
Since cross-carrier scheduling in Rel-10 CA is defined within the same subframe, a DL subframe of the FDD SCell coinciding with an UL subframe of the TDD PCell cannot be cross-carrier scheduled by the TDD PCell. Cross-carrier scheduling across subframes (e.g. multi-subframe or cross-subframe scheduling) can be considered in order to avoid the loss of DL subframes that can be scheduled on FDD SCell.
For the DL HARQ timing for the FDD SCell, the two options described above for non-cross carrier scheduling can be considered. 

Proposal 4: If the UE is configured with a TDD PCell and an FDD SCell, the DL HARQ timing for the FDD SCell is determined by using the UL/DL configuration of the TDD PCell as the DL-reference configuration. Additional HARQ-timing relations are defined for remaining DL subframes that are not mapped by the DL-reference configuration.
Proposal 5: For the UE configured with a TDD PCell and an FDD SCell, and cross-carrier scheduling, cross-carrier scheduling across subframes (e.g. multi-subframe or cross-subframe scheduling) should be considered.

3 Conclusions

In conclusion, we have discussed potential TDD-FDD joint operation solutions and their specification impacts, focusing on downlink HARQ timing. The followings are proposed.
Proposal 1: Cross-carrier scheduling should be supported for TDD-FDD CA.
Proposal 2: For PCell, the HARQ timing relation that is used when the PCell operates as a single serving cell is used.
Proposal 3: If the UE is configured with an FDD PCell and a TDD SCell, the HARQ-ACK transmission in response to PDSCH reception on TDD SCell follows the FDD HARQ timing, i.e. , the UE transmits HARQ-ACK in subframe n +4 in response to PDSCH reception in subframe n.  
Proposal 4: If the UE is configured with a TDD PCell and an FDD SCell, the DL HARQ timing for the FDD SCell is determined by using the UL/DL configuration of the TDD PCell as the DL-reference configuration. Additional HARQ-timing relations are defined for remaining DL subframes that are not mapped by the DL-reference configuration.
Proposal 5: For the UE configured with a TDD PCell and an FDD SCell, and cross-carrier scheduling, cross-carrier scheduling across subframes (e.g. multi-subframe or cross-subframe scheduling) should be considered.
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